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(54) M|A|£ -9-aH. fl|0|IE| ^XH a 1^*4^ «xHoj 



J2S^ 

zp-Hisi-ji o[ji L«A4* e 4£# s! sm^ls-ff Sits o|^.oix|-& ^oflAi Ajajg a ol-y. s^ej g^Et^t 

2!« ^}cK a Hf«| si-Til -fc., Hilts f?2SI|tS o|^.<Hx|fe e|o| SE«1 §*| gh^-o|fe AHlaint^s. o| 

^■cHScl. 



CHM5E 
IE2 



jbe ie ^A|oa i2j m^i^ ^xiioii aicHAi, «.x8 a^sj m^ai *\k\ *m us sa m-s ahm. 

£ 2fe- 4(a|o|| ia| M)^4 A4 «jq|o)| XicHAj, q|A^ «^o, s ^ S! a 7|x|oj a*t flt*o|1i °jx|°| &a\ sx| -yg L+ewife. £9 c« 
§a^. 

£ 3€ HlJaofl 12| m-&! Aj ^ ah o|| 2loiAi, m^-y »j« ago, aaJ . witr £JX|-2J £jx| aj. # i-|Efi4|fe SES cfl§ ARE!. 

£ 4fe Hiaofl is| ^lxhchi sycHA|, "sua, 2 g a n 7|x|°i ijsf a^alfe ^Af Sx| ^ewife £3 qj 

§ ARE!. 



£ 5fe -fe|A|o« 9°| M|aj^! ^txHofl giojAH, #a|^D|o|| Sa| m^l^Bj e^ofl SicHxioj aAf g^g ufeimt m§ 

On7-OR-?P 



S. 6-S- aja|cM| go| LflAj^ ifixHoil siojAi, #a|^oKHI ^ej M)ai§o| ^ a0 || 2lo|Ai°| hj-a). *jx|- M^mfe £S cH-g- Af 

5!. 



Mf&s/ &Af& 
«t3do|cf. 

•£LSI(super LSI)s| ofl=.a| «*cHo|| °|a!| 7\^M7\ ciS|.£!2IH<H| ^aW, SJ-Sf^oj *aM. «K=- 3§o| #cfl 

2!cK ^2) aa (super clean) ^eHS *H=r *l|iE-g- S-*|sLfc- c|sx|A3{ depos jtj on )g. 7^, o||£§ 7^, 3 

aiy^ 7h^SAi", g^Tfl 7^, M^-£ = 7|| 7 ^(fluorine based gas) #s| »sa!?fl 7 ^7 1- aI©s|jl SU^K 

0|# ^-AIAH 7^011 g^Aja A}EJ|0i|Ai 7 r 3 7|-g §-*|SAi. OJISCfl, S CVD §"*l W£E*I| fl|3E &*|0i|Aife, C|aX|A1 

j^cHI CIF3, NF 3 . CF 4 . HF. HCI #e| &S2!?J| o|^-(Hx|fe a}S*fl aajy 7^-B o|§6KH 22 ch. c]3.x|ai 
o)|AiSE. WF 

6 . SiH 2 CI 2 §21 &sa!7fl Sf(film) S^g. 7^£Ai a^^2 2ich 

3l€!el-& SJS- ^ 5-251 365SOII AH, 5.°jo)| H^SSSt ^J^o|feg(aluminum fluoride layer) o I §^ Si^o|& 

-feM 7h^°i gabion qjs^ ^© m^&s ^his^ as 7Hai«^ck maqi cif 

, 7r^°il cHSK>i ia|tj -i-ojh gs* V^oife rfcSfll-g- tt*l?l£. n •yejlfe Bl**r Mo|x| s*2lch 

3 

c£S|. g. ^01° 8HP-o|£. ^a*fl2| aao||, CVD a §21 7|A^e(gas phase method)oj| sjsHAi ^^a|fe^# S 

A^*fe 7HA|*^cK^-& @ 5-251 365S gfi). g 7-273053 •£ -gMol|A-|^, $UO|E1§ 

9 S*i (electrostatic chuck) JESSs) ^*|g S)x|*p| ^«HaH, SS*ls| a^-g o|£| = S *|«*S r fe 2fl ^a|« AjA|*m, S 

5i*}2l a 54 oil AIF 

3 « AgAjA|^ ^fe 5J0I 7HA|s|ol 5Ut^. 



neii-K S- a-^xpi- dj^ asf ^j^ai^i uf, 21s S^. sooic o|aj-sj jjg. s^o||Ai, cif 3 §£l 7^011 m 

sj-ct) ^•^•olfeS A^|a^a|>iX^n& itSA|?ia. it-g saoil W Ai|afq^°4 SJl!«|-cH gjxKparticle)7l- ir^sfe 

g. «rao) xiSoflAH JlS^x| as S£ S^cHI 500X5 o|A}goj jig. S ^o)|Ai, Vmj&H *fM& ?r^2l #a^o|. 



gfggS -^-Nah 7^£J gaf^ojoii cH^j u|) a) a^ «xj|s.aH, &«|s>f, 01 &*||2J sSoji S4Js|oJ sife MI-N#S ^u|SFj1, 

a^7| uHA^ge SIS.* ^irfc 3! ^liaiS.-# o|^oHx|fe $o||Ai AjB|a o|a*o| g-j.o| f^ejfgs fev^ji slfe 

a© ^gas «te t-H^-a »xh<hi sit aoicf. 

§§Va|^2 212. m-^lge S^: 52 ^a|s.* -girts o|^-oHx|fe So||Ai Ajejg & ^ o|-yo^ ^j^aj tf £ e^ t§ 

m^-«Fal 21^ 3Ji ^9£S *te *ao|K| ^xho|| ao|cK 

ZLBim s|»jsj°£ L4|i|AH Ai|atej^a|.ji *|-& a-S if, ?#^a| §°i|o|| c«£t o|g gtg^^ i-hE^x|q>. e ^So||Ait o|S 
o| oFu|'a| =a^| 7^ afe #a^o|- ^oiiahsj 7^ A h ^ ^ a eJ-#o)| cfl^F etg^oj| *|°tsh3 2icK 

tgx|^ «|*| JlS S^cHIAH ssai^fl ^^-^ sar^oHHI iSS 3^oj|. S^-SMSf ^o|fe g°| ^efletol ^?«|s| 

CH 21-fcr U^r ^DlfeS AflaFBJA.OII CH«|Ai 2«S 0|*« a^tracf. Zl ^-MO{ Aj^H(21 21fe MI^AH ^XHOflAi-^, 

A«efs|^:fil aasj gf2S2|S£ o|j=Lo|x|fe «.^EH°ro| t\s\ ±.^s\o\, n. Ho\\ alfe asf ?JxpF ^.&|s|ch 

212. S£» S£l ^r^Dl&S 2JXFSJ a|o|o)| SXflSh^Z 21 SJ^flA^ 2121CJ-. 
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6|ai*j. «a4o| oj^-fe ^arSM SMSl, AIF 3 a| #7|g*e ts\M^ fem. ALF 3 2) #7|yo| 0.001 torr7h s|fe es.fe ef 695t;ols.s, 
^^ol|A-ife AIF 

3. 4m=isac+. 

WliacH. #7|^0| 0.001 torroll &Srrr MgF 

a O| 1066-COlH. CaF 2 7> l195X;o|:a, SrF 2 7h 1233lDO|Jl, BaF 2 7r 1065"CO|H, ScF 3 7 r 975Xjo|:il, PrF 3 ^ 11001COIJ1. €uF 2 7f 
1134TCO|jI. AIF 3 7^695*CO|c:K 

e S^xfe fe^ls) Bfxq-e «HS«PI 446H*1 93 SSAl^rn. 2i21fe«l. s|filS. fSS rfcS3E*a(fi8teB&**. sintering aid)S It-tt- 
§K=- i*¥-°lfel! Ail^it £m =E2dSK»!Ai an oil, o)S M&<X\M ^|s| 5!Ho| S*t*Ka. Aflahej^o) 2 

04 o|| =«| M|^^o| ¥({Ht+ *HS.S ^§ehs|o| ^2|Ji sUfe 3d# BKmsa«=h o| s+& fcCPUf 500 X) o|^e| ftsaxi Jf^g 7 |. 
Xo| #e ^DKH| q|*Fo4£ fee MI^J^^ 7W2 2ife 3do|52ch 

ai-aW e &&oi\ mti ^*HsJ *«3£ g^Se SMF-alfe 100 §?f¥(parts by weight)**, m&W Si 5S S^alS-lf 

s ol^-CH^Ife 2o||Ai Ajaja n S-ff- 0|#2J S±f 100 ppm o|-y, 60 SIH 8 - o|6K£. a#*rfe ±a(lffi)S°5*H, *ISJ 

mW&K)m 33* ff-nlHS Aj^aj^SI ^a*fl-& *8«*rjl. 0|O|Ai o| rfc§*l|-g »-ff- ?r^2| *a^n|- §o|| 500X3 

-1000-CS Z-xm2Lsk*\ W?\ 4S-gAi?|fe 3dg q§°5 

tstJL 'Zl^ &n SHFalfeS Aiia^^SAi, ^J74|-y gojj fijs-W- art SI feTI^IS.* o|^-<Hx|fe 2o(|Ai tjajg # ol^sj 

S^7r tMM4<H Xlfc S3* SH^IfeS ABafej^s o|^.cHx|te e*«e S«|Sr3l, o|o)Ai o| e*H« a^fie ?^s| #ak^ 
§oi| 500X3-1000X33 ^x|&°3*J tj|A|gf a-^A|?|fe 3d« Be*. 

^Sf Sr^a|fe-g 4r^A|a aU <»| xr, 4:1 ^Sa|7|J1. 5£*h ±§^£1 gS£go|afexl 7l7flS| fe»I ^StjA), ^ 

0 |E i(yttria ) §oj ±a2 j||f ^ ^cf. o|EH«f ^§sxHfe rtaaj ^o||fe S£F %^\^ °J^°| sJ7fl^o|| ao| SXH© 

mVs-S mem #o| ojTJI-^S ^Ai «f>4*r0i SjTflsl S2r«&. S3* ojxph s7|oj| 2J^£)fe 

ZiB(i4 felf7f|£ o|b|^ SSf S^o| & g Ailahsj^© ^&B^ 31S 2=ao«Al Jl#^s| esaiH 7^s| #a r ^°rOll cH 

o| «-eeH°|-& ^xitF ^S°£A) SJS-^ Srt SE-fcr STSalS^. arts] ff£SS^§ 9X91^1. o|# = ^ 

ah=.aTfeBF S>0| feS- MJ^y-S 7W2 91^ 3d 0|2|o)|£, £f££Sf gj-^.a|fej^ u\Mt>W Ci fe-& 2S0l|Ai£ CH&I 
§ So|. g. ^gsj LH^y ^-xH7h 7^2| ga^Ql-oil c«sH ti^l& Ml^^o| 5Joj| gS*K 3dSS 

A^SLJI 0| S*I|SJ fi^OJI 7|^a Sol| 2|S«AJ, £|M# Sri: SJ ^aJS^ Oi^tHX|fe ^0{\A-\ Ajajg *J § # o|^S) g± 

sj mWsStSS o|^(H^lfe MI^M S^ollJE. S-S.7F *Rm S^ol|Al S,^2!l7i| 7 ^o|| q)st) feS M)^^ 

e &7iz>oii a*i a# 4 s sit 5«g s*a*racr. 

CH A}A1|*1 ^gSfS Q7| g^£7h fee S^f££»l, 7^ SJ S7| g££7F f^fieacf 

£ ye SrtTJI 7r^. 7^o(l cfl& £|S^-g «rfi© ^ Sic:K t1^o|, ^7|°^o| ye SIS-^ ?!i £Efe ^a)S^2j 1^2 = 

f?2s4ff£fc 5!o| u^^jsfjl, #^£a^ a^Ml^eJ 3JO| a^^s^, 

3L& e«lfe 3^ SHMh, 3^ -r?^. Ml^^ SSf flrtS ^lafa-^. 11^ fl±i M\BM±, »*o|M. e^r gi 51 <L«f 

rts'ol^olxlfe 3-ol| Ai Ajqa JJigs o|^Oix|fe 3dO| uHfS|*VcK 

am s gse s«a|2j aoif, &*j|2j a^ofl 3Sis-# a^ sj smajiiL-?f- arts, oi^xife ^oj|Ai Ajejg » ^-w- 

ojaT^i anrSj fefthSS 0|Jf<Hx|fe 2S§f S-fejSl-JI, o| sSsf 7^e( fHfiaf §o|| 500X5 ~1000"CS ^x|» 

S.SM| £p| = o|^.cHx|fe Ml^§§ -a^A|U 4= safe aa*r»^K o|s«| «hfe!S^ So|sW|, ^7| #-^2- 
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2 0 3 -A1 2 0 3 ^ o\&n ^ Y 3 AI 5 0 12 ° si o|^cHx|fe ^o||Ai ti^g tt § = 0 |#o| o|^-o)a^. 

5 ^-*«7F cH^J-o^ sfe sma!?ll ^^{^ 7h*:2l ga^o^Ai^ CIF 3 7^, NF 3 7^, CF 4 7 r ^, WF 6 £Jof|, ci 2 , 

6 Ml^j^ ^*Hm $flo|*H ifixH, BME«I ^0|JBl^-y*I^7|^S-Ai^&|(susceptor)SAl AJS^Q, aaiy 7 r ^. 
oi|« 7^ch| ch^cH o| S& ^3= 4* 5U*rG«e+7h fc*2E*fls| g-g SeJo| sj^ ojx|-a^x| 2a *l gcMZkHI 2*4 

oicK ol^, -^o| DRAM, 4M §s| JlS^£(high integrated) SHE*! si x\\^o\\5E. <&3L*m Pigl^ ^ Sl7|| £|S* 

Ai^ei, a^ol dh^sicH *i£r A^-gje^ §y xjfj ^2i*fl7r oH£f£|cH safe AUbtfai, JH^nf M*r:±:°r V 

S^o| ofl-ys|<H Sife Ai-^-aeH, m^af •Bk&a} tt49<S- s| x|» «^*|7f- aH^^Joi 5tlfe *| ^ b| o|| c||eKH «t»«K9. 
st S^^, naiy^M »e*Ka *a|*H=}. o|^^, 5001c o|^s| 2.^011 Ai 7^08 q«to| j*l«£| 

fe SlJBJB^.. *H^7F SL^£|J15i7| 4«o|ch 

SEfi*. srS*M *-H^£f ^*Hfc cfo| «|o|JE| (dummy wafer), A8iH (shadow ring), Jl^n fa^aft fl© SSL. 

J2f fE^ojf Vt49A|?p| ««- S(dome), H^^r ^rS", ^*fS, tt5E*l *o|n|* x|x|^7| fl© a| fi(|ift pinn), A|=$l 

©(shower plate) §s| *t &ME*« £r*l*l 7|*9««)SA| Af§^ 4* Sl«*- 

A-^-aej ^o|| aH-y s|fe ^xflfe M^-B S£} tf*o|fe S-SW §A|ofi nfleoil, S^^S 2jo| unpq 

oiajfi :n§g g^o^Ai^. EF&da), a^e!(W), ^a|Ma(Mo), ^^(Pt), e«te(Re). o^fe(Hf) % o|>ys^| f5t oja|» 

S=2h 7^S. o|^o|x|fe aaiy 7^, oi| s 7r^:fe fi>5E*f|^|Sg OISMSM ^^<HjAi a^^jh Slxfef, of 

oijA^oi m|ai^ «xHo|| cH*FClBtJE ^ #A«fcK 

Y, Yb, Ce. Pr. Eu7 r «Hr«l*rjl, ^ajjMf. fi^Sfe Mg, Ca, Sr. Ba7f w^^^cK 

o|^ goi|Ai5£ o|S ehao| 0.9 A ol^oj ^oi h^sj^cK ol o|& tfa€ R.D. Shannon C.T. Prestwitz, r Acta 
Cryst.j B25. 925 fiBo|x|(i969^)Sj ^o|| s|» 6«B-?l(six coordination) Si o|^ o|So|cK o|^Joj|fe La 

3+ . Ce 3+ , Pr 3 *. Nd 3 *, Sm 3+ , Eu 3+ , Eu 2+ , Gd 3+ , Tb 3+ ,Dy 3+ ,Ca 2+ , Sr 2 *, Ba 2+ , Ra 2+ 7 r 21cK 

ttasi sdfi ^ 4!Aiih noil, tt^oift easAi^ «ig ss*aoii si» a^« ^ si 3., e« s 

^rSoil S|» ^-^SE A^S* ^ Sic*. 

SE£h §i/5E^ ^^-^ S^r ^alfesi ^js ^o\\ cH^o), oiei7^x| §e||s S7fe ^ SicK ofl&qj, 

^oij, ^IS.^ SJ/5Efe ^a|S.W e^Kmtl, single body). SEfe Zi SrS^fil &°J§ 4 s Si 

cK dbS2EXHfi< ^7^o| 60 Sojxife Sf^olfeS Ai|a^^a| ^3SE§o| 60 W/m-K Mi^7&, 
«|«^o|x| s^Tfl sj^ a»o| sic*. 

^1^: 5Efe BStalm^ S^SLj a«fSJo S ^J^oj a^ SO | 7rS" a^opl SI*. SjJM? fi^b SEfe «a 

ais# S^a. »4>a, W^A| = (aikoxide) t i?2££ff ol^ fita®* &m*m ^ Sife §^|oli §€}|a|^ 

^ojj S o| ^ - S £F ^Djfe ^-^oi{ cH^oj S7Hr ^ Si«*. o|^, ^!^7^ ^ ^g-oil 3S«W « 

^hS|7| ^CK 

=E*h ^ScHiAH^, ^} ^oil S^r S^aI^IJI, ol ^o{j 3ds^- SI/5Efe ^aa|s-^ ^U-^^ 

m ^^ojaf^xi S ej|^ S7r«r ^ Sic*. aH<Hlfe f Slfoq oj««ahs 7hfe^x|oj- f #7| fjs Stt S^l §311 

^S.7r Sife g^ollfe, ^(pot mil), 1S@ (trommel) , cHHaj^ ^(attrition mill) -&i87i« ^ SicK 

a7h^^Ai, §ohoii ch*kh 7F»«f(ar»tt)oi sit a»«j a^-oii sioiAi, §g§ «ofe Aiae s-^sj § 

afloii gas ^l^^-si EfA|eio S S ck SEth ga|o|y^# gs| «foiq ^ SlcK 

o| Zd^E^te ^S^- r^H^}o| ^afoj^o) of^^o^cK 41 a|^ *o|| f Zd^ § D ^f *|| (sieve)* S 

SflA-J zl %m 517|# ^S^rfe 2!0| « r &«l«tc*. 

^^ofe g^oOAi ««f ^SHIf 3N|3E«te a-?-oil §S Af»« ^ sic*. ^r^B 100 kgl/cof o|^o 

^|o| onr^j^xi^, SEH« 4f*l© ^ Sic:ra, »Ssjx| afei*. -g-^ ^-EHo||Ai sefl^cj-ol^: ^ch| 

7^^cK «SJ« tfloil bfojd^ a7^S^oMfe, ^o|| ^A-i, ±±n ^o||Ai 200 - 800 X: s| ^JEo(Al trx|(degreasingm 

«»^SH*. 

ojolAi, «Hr«l*WIfe % Heil^^. » o r o|^^E«&j(isostatic) «a«^a go|| sitftM « »efl^a SEfe St o^| 



^^.mm H£i|±St 50 kgf/cnf 0|£}°J 2Jo| uMt«|*hIL a 200 kgf/arf o|^o| d)^ a^«|«H^. o| n*& 

i| #x|°h ss. ^oj S5E^(furnace tool)*! ^sB*^, ^S^s 10 oo kgf/arf o\*M a»«l*c+. 

^«a|s| &S=***I, 50 *C M| 21 o|^ 15001C/AIZ} ol^sj ^SE. 4te ^rSLsL S5E# &^M?\S= 2jO| S 
5E£r'l 700*C -2300'C^^. ^Rir ^Oj uj-#^|^cK sjji S5=7|- 2300 1C# iSfftlS, l*^ S^.o|fe2| ~a%y\. A|x|£Jc:K £|3L 
1700*C QlSlOloj, ^J^oj ^^o( a^ 0 | *!*flScK 

o\B\tl W^olfeU Ai|aj°J^:Xi|o| 7|^2j «E*^o|.gofl 500*0 -1000*0 S. aHofl^, 2. 

o| si >y ^ 3&2dM *HS*fe ^do| aH^^J^cK o||?jcH, ^££7 6001C -SOOtJOl ci^ «HHSJ*Ka t #aj-^af 500W o|^£S 

5££J- £PI B4&S>£»£. o|^cHa|^ st* ak^ii Ajj£jA|7|^ SJ-a-S ^toii asoiajex) eS(pin-hole)o| «ahsjxI », 
^5^1 ^Ssjx| S-xrCiK nsit-K «.*ts| s^oi ^S^Lf, qt^°! g^-oij^ o|^s^So| 5HfcH geflo|e( cover 

plate) S^h^M 3do|a^^! ^S^J ^^o{|^- t ^ e| fj a (sputtering method)oi u|tte|«}ch SB, o|# SS£S 

^ej e g^oii^, S-*as| S^oljAi d|el| ^^m^im (reverse sputtering)^ ^«H| SMSIM, o|a| «£J 

£}*to4 i^fc 2}o| o^s|*jc+. £££h 3*«t*1 §7|<y §A|-a (spraying method), ii+^^ej5E *H§S* ^ xi^h 

SE^ i4j^e^ ^^iloil ^««Ais f ai^ (crack) oia|~ex| §H*o| 8*^2* *fl£hsl*l MJ^^o] xM*MI 

oj^lAHfil-MJ^J© Afol^J sa#^o|| 7loj*fe ^#^oii a|s«Ai f m^So|| (fracture) o|a^x| §o| ^^Pl ti?fl 
10/aii o|em ^te ^doi hHJ-^s{-ji, 4/m, o|shs ^doj ch «HHM^c|-. 

m^lSOil a^O| -ypl*! &5E^ oh7j fl«||AHfe, M|^J#SJ ^» 0.2/zm Oj^o^ ^0| fc*©*|*Kli t 0|^o^ « fe 

rxj A |oij ^o|feS aiie^^oj X || 3£ ^Aj f dsns* go] o}-oi S^- a^o|&a Aflajoj^* fiS. S-^-c- #S 

^^chi oj^Ai ^cHa Ah^^cK oinesi a^ia* oi^^s s*s<hi s««a|^ s^wi 

OJ ^J^. ^-^^ 200 kgf/aifSJ 1^ 7^ «|3 200mmH| ^J^fJ ^^^l^ 0| 

xr £ ^ ^ g-oij tJH^I^Jl, SSS^cf. 300TC/A|^ ^JE ^ ^jses ^A|?|ZL t G| £0io« ^^^1000"CS| §JE ^^oii 

Ai ^oj.^ ^shZl, 1000XJOII ^, 7^^ 2 atm«H|AH ^A|oi|, ^§ 200 kgf/oif^W EfTil^o^ #^ A j^cK 

^IJGL ^LJE# 1900"C^ SSCHiAi 4A|^j- #X|*^c*. 300X)/A|^aj 1000X^77|-A| y^KH, Mfurnace)^ ^ 

zi^oTsi^ omn ^cHS 3^ ^^o|^s Aija^^o, gsE#«& 180 W/m-K o!^cK 

Ml ai S o| ^ah N f 3 cf-^M^-^ Ma^o|. ^Oi|A-i f 7001DS ^a^I« 2Ai^ *x|»cK ^ NF 

, ICPf^lT^ 100 seem, 13.56 MHz, 1 kW)S cH7i^ai t 7^ 5 torrS. ^cHS Ml^!^ «^o|| ^AH, 

* &m &n soi^o^ £ 1. «£ 2o{| ^EhtHcK cfo>. ^ 1-& t4|A| g# sa^ofiAi m cflfij a^oijl, £ 2^ m^i^ 

o| ^ 7|x|( ma tnx)£! SEfohJl, ^o^^Ai of^^l ^oj^eH #S» a^o!c+. 

o\ o|i ti|go| A^i^oii feg(l^)£SAl t-^Vic+. £1,£ 2^^N & ^ Xife HfSl So|, oj S€j 

S Six| g^Jl, A|« o|3^(submicron) 51cioj a |Afla- ^ge! SJXh7|- 7^ ^^o| 3L&o\\ S^*K>1 2lOi. 
l^ff S^j^l-ja SicK ol SQSollfe MO|x| Si-^cK 

7lx|of Qj-i=La|^ ojxfe S§ cc| ji o|Jl, w|Jiiq 7^^ ^^Sl SH^lfe S^* ^W^l xi^. SQof| 21^ a|A||*K 

ojxfe o tz} fijAijg cqjl xi^l. i^ln SJxFficK ^^7h S^sjoi 3dS ^ ^ xi^. o|s| tMi, 5E KHIaJ 

- S.S!o«4=r ^ S^JE sotedl, o|^j^ o|«=g 0 | ci^^S ^X8«& 5U^ ^S-o|cK sen, S^^Q a|Afl^ S*l 

o| gTBoyArlte, 7|X|o| s ^ SJ^D|^ SJ^7h MO|Zl xi^F. SE©, l-H^SSM 0.5 /rniOlSS^K 

Oj LjjAi^oj EDS(Energy Dispersive X-ray Spectroscopy)^! 2\*%M ^S©^cK o| gjif, ^S. W^als. oj^.#, 

S^: ""jf^fiS. ti^7F 3&*H*Kn Xi^L. S-^-olfesj o| e B oj ^ W o| ^jo|| q|& o| sgoj fc,|g~ 30%o}x1c+. ffiS, 

ojiEgo g^ia^^sAi ^XHSKE 5ax|ef, ^^fe 7|-y!(garnet)SSAi S**^ 9XM 7h^ s SicK SE», S^o||fe gif^s^ 

3 0|^£r Cf^Jlf ^Ol ^ SU^K ^, NF 

*o|s gjxhsj oj7ij§5E ^* ^3, ^J>ilS ^ ^ oimgol «V^s.3*a ansch o| mi oil, oimsbi ^fe 

aj^ ojxH>li «|^€N rfc^olJl. c^^sj #^-31^^ ojm©^ SS^7| cH^7| ms<HI, M*=L o|^^ SCJS| x|## 7Fx|ji sife a|Af|^ 



4i^A|*jM|*J^ *?nm 1CP«HI^M O4?|oh 600 "C. 1 torr2j NF 3 7\± ^o\\H 10*1** ff-X|*}Slc}. cfti ^-IfS 100 seem o 1 31, 13.56 
MHz, 1 kW2| ^ oil ah (H7|*FacK m<N^ »^o|| ^sha}. gefg ^gfj 934. A|*j^o||fe, 2 mg/cnfa| &^7} 

[■feJA|ofl 2] ^A|o<| 1311- s-^SMI gs} ^a|s ^S*H-& *U3ESh5a«=t. c}°l, rt^a^S. 6}of ?|-a. a| o}(cataia)-§ Si+*}G) 
0.03 §§^ £PM*h»c+. opI-M. if^ o|S2| o|S 1.00Ao|°Jc4. £cH£! ^*l|9j SSgfe 80W/m-KO|SI 

o| ^mm& CF 4 i^giSf #a^of ^oflAi, 650TC-S. 3A|i> ffx|*}ac}. c}eh CF 

. 7};^ icp(^ah° 10 o seem. 13.56 MHz. 1 kW)S op|s};n, 7}=a g}aj§ 5 torrS. S}Si^h S<H2! <-H*l£ *f*«o|| S}3t|A-f, 23 
£. u|-a} *jX} ^DlgS-S. SSS S^fc £jA|ofl I3f 7H2) #SJS}2t"4. «-H"N§2l 3 fmO\JL, ^3. S^o|fe, S:2i. 

A}^?} tt*a|fe2| gtfBf &^2| #f*2} S*l°ll CHS 2^2) §^ 20%O|$H C }. ££«>. « 

^£ = S^saH ^AH^3. 5a*m U^fe 7Fy!°SAH 5l*sm 2i it ?Hs^£ SUc}. <£S, J£3o||fc, f?£SlJ ^D|fes| 

Ol M|>M£3 ^Ofl S*H*i, AJA|01| 1*4 SOI «}<N LflAJAj A|£|§ » ^^i^ 5 mg/cafSj a2^. 

[-^A|ofl 3] >jA|ol| in} s.^o|-7i| SW §!:£} SJ^aUg X1|2=S}Sc4. ctEJ. ^g^XflSAH 3**S*2SH1# St-W 

8.5 ^iMf a^WacK oi7|AH, attoj&sl o| ^ 1.06Ao|S*cK goi*! S^ols ^S*|SM 140 W/m-KO| 

o| 4ia«|« NF 3 c^|£f ^o)|Ai, 650XJS 3A|?i ^X|S^cK c*eJ, NF 

7h*i* ICP(#»* 100 seem, 13.56 MHz. 1 kW)3 op|«Ka, 7fcfe <&^m 5 torrS *}S*c}. "^cH*! «-H*l£ ¥*8<>tt a«8-M. 2^ 
g gx} soigog. a»S -feJAioy 134 7H2J 5mc}. 5&S. Mt^gsM ^Tflfe 2 jaOlJi. ^sL tt+n|«r, ttet, 

£ a e*H«}jI 9131, ^a|feo| §afj.} &&B\ §tf£] ^Tflofl eg© Stfl-S) 60%O|2ic4. EES. = 

sfMSAi «xa«& ?iAief. -gj-^fe- 7^0^ ais 7fe^s sic^. sec, s^cxife ifassf ^aifesi ets 

0| MJ^Aj «xHofl aSflAi, ^A|Ol| 13} §^*}7fl SfO^ M|A1AH A|^g f+ gSf, A|S ^-Ollfe., 0.1 mg/orfSj ?ii:7f S^Cf. 

f AjAioii 41 -felA|o|| 134 #S!SKNI SSf «r^o|fe *B2E*h21cL cJEt. ^S^SAi gfA ti E Sfg iS£i££ »4i 

*HN 0.89 ^7}£icK c*|7|Ai, x SSi ol&s) o|S 1.16Ao|Slch ^<H5! SS} ^^-aife 4x3*821 ii3£i€ 150 

W/m-K Oisac} 

o| ^ta*B* NF3 cfflS^ ga^o(. ^o||AH, 700TCS 2A|Z> ^x|*}3lcK cJSf. NF 

7^# 1CP(#S : & 100 seem. 13.56 MHz,1 kW)S ^7|S}J1. 7^ ^« 5 torrS S^^K S<H5l Ml^l-S ¥*«o«l cHS«Ai t S3 
L o^t gx)- ^o|^o S fif^-th S34fe. *J>-|o« 1*h ^2J S«^Sac+. Ml*4$2| 6 ^0|J1, ^-S tt^o|fe, isgg, 

# ^. s .s_ aj.^7} SX(«Jj1 SUCH, g^olfesj §lf3i} irH&esi §§2) f}71|o)| CHS ^SEg2| glf 60%O|SSc}. S 



o| 



MJiJ^ «.xncni ©SHAH. «|a|o| 134 MI^a^ A|f|§ » 3^. «-H^^ a|q *tH|fc, 0.1 mg/orfSj a^7} fiacf. 



r^Aiojl 5] AjA|ofl 131} #^s}7fl *}C4 US} 8J*olM ^a«IS fliss^cK C4fih ^SSXHSAi. 7}SA|0}5 t6£ S &Ai*}oi 
0.03 5Ea> AfSf o|H#t* OlSfSS »ti»KH 2.4 ^7^21^4. SCHS SS} ^a|fe ^3*PS1 S3fE# 

© 170 W/m-K oisac:}. 

o| dta*IHt NF 3 c}S#S-T- #a}^a} ^oflA-j, 700X5S 2A|^ ^x|*}ac}. c}ol. NF 
7}>s# iCP(-S-tf-& 100 seem. 13.56 MHz. 1 kW)S <^7|S}21. 7}^ 5 torrS *}S|c4. So)S cH«|Ad. 23 

g uf A} AjX} QDigos I^fe aA|0{| 134 7H2J ^^S^C:}. £££}. Mi^gSj 5 ^»0|j1. S^, 0JS 

& g^. g^fis., A fit - 7 } SXU*}2 5a<H. St^olM. ^ » oisssl ^^sj S^HIoll Wti S^ S p|Sgs| &7fl §tfs| 

35%oisac}. #^sa=i} ^oife ^-b ^a«i<H sasac}. 

o| qj^|A^ «xHoii S«HA1, 4Ja|o(| 134 §U*}7l| M)^^ a|^# S 3 a}, a|h ^-oflfe. 6 mg/orffij a^7} jasc*. 

[u|iaol| 1] ^A|ofl 131} #SJ*}71| SS4 itssil* «l3ES}Sa. o| CIF 

3 7}r^^ol|AH, 600TDS. 3A|7i ^X|S}SIC}. C}e>, CIF 
3 7};A21 lfa^# 5 torrS M'SL^i. 



^ch'xi m*j£j &n s°igo« sis- s 3, 4oii i-mh& ch ^ei, se. 3^ m^^-g- sa^Ai « an si a^oih, 

s 4^ mi*i# §1 n 7|*|oj s^f a^- a i& asso, seat <&*mji l-w, ^^.s^n ahemc*. 

01 ^xhoii ^A-i, ^a|ou m sua mi^^ Ajgg a a UK m^-y A m ^1^- 40 mg/cnfsj a^7i- aa^f. 

^JL\ t A|*J ^OJIfe 100 mg/arf°4 ?Jr£:7|- HS^K 

[AJA|Q|| 6] 20mm, 7hS 20mm. ^ 1mm°-l gffg^2| &*l|«- ^*|of°lc:h <^°i, ^|oj xflU^ ^°lfe(JIS A 1050: 95% 

^e a| -) yj=o|L4(*i°{Soj 95% ^«oi^) f *J£J- ^o|fe(95% J£-cr 99.9%), M<£ Tr^l 5E-fcr Q-J* ^oi| Sj^flAi 3 

ajaJ^cK o| aH^i ^itjE^tJ^ 0.7-5Pa, 200W, 1-10AlZh ohS5°4 ^ 18sccm££ 

z\ M|A|^ ICPoilAi 047ISJ- 600*C, 0.1 torrsj GIF 

3 #a^a|- ^oijA-i 5A|^i ^-xjs^cK GIF 

o, 75 sccmOlJl, oMeL^oj 5 SCC mO|cf. ZJ> m*{£J ^JHofl fi«|Al f g^oj l«ai^ A|fj *l 

oj «aj cHf=. 3dO|i4 0.1 mg/arf ojojo{:31, a^5E MO|x| 

[<feJA|o« 7] Ai|S 20mm, 7^ 20mm, 1mm^l ^jff^Ajoj ffU|««Ch S*lS| XH^, *!S3Sl ^aj^( 9 6%) 

os 9*94. a^Mi^S ^Eilgoi! 21SHA-I, if^l 1 ^oj o^ZlMI^, #^^S^f 0)eg c£- MgF 

2 /YF 3 /AIN os Ol^cHxl-^ uH^IS^ «^A|^cK o| Dflsj 3EZd^ ^N^y 0 .7~5Pa, 200W, 1 -10A|Zi- f 18 
sccm£fi o^cK 

Zt M|^^ ^Xl*. ICPollAi 0i7|^ 600TC, 0.1 torr^l CIF 
ga^Ao| ^cH|A-| 5A|Zf ^lof^cK CIF 

oj 75 sccmOlJl, ofs^sj fftr@ 5 sccmOfcK ^ofl asHAH. «|g S^K Ml^l^ a|§ ^ 

oj «.^| oj-bi ^OiL-l- 0.1 mg/cnfO|ohO|Jl f Mi^0B| «»-a|U} ^0|X( S^^K 

r^A|Oli 8] A11S 20mm 7hS 20mm, ^^1 1mmS| UtE^^ ^a|^cK cj-o|- t *||*|- *!SIS2i * ^(99%)S 

o^ch opMIE^ ^W^SaoB a|eHAH, ^thI o.2m, ^m ^ 4^a| =^S.s^ omm^os o|^cHx|fe ^ Mi^lS^ «^a|^ck 
0| ££HS| ^IilE^of 0.7-5Pa. 200W. 1 ~10A|Zh o|-SS 18 sccm££ ^2^. 

z| t_H Aj ah i=t*H-i-, ICPoliAH <>|7|tf 600 \5, 0.1 torr^l CIF 

fafAof ^o||A-l 5A|ZJ- ^lo^cK CIF 

oj -g- 75 sccmOlHi. oFS^sj 5 sccmolch ^ ^xfloll ^Ai, y§ S^^l S§* ^SSfoic^. o| §Bf t MI^N 

^ Aia JfBj «A| CH^ ^0|^ 0.1 mg/arf ol£}0|^. Mi^S^J ^L.J a^5E MOjXj 

[tiiiaofl 3] ajaIoII 8oi! ?joiAi, xi^^sj ^^|- W^(99%)S. Oi^-Ojx|^ &fc||o|| Ml^l^^ 4J*|ofe ?J «o|, £Ja|o<| 8^ Ml 
Ajx|| A|HcH| He*fSBlc:K o! MI^ah a|^ jp:oj «aj 16 mg/cnfO|SicK 

t^|A|o|| 9] xia^^l 96% S3* *INo||, o|^ 5ES^|oj| sjsHAi ^ i^oj f«£e^ a|.ziMl^a.S oj^cHxj^ t}\MS 

m ^AJAl^Ch 

o| t>letm ICP0l|A-i o^7ieo.1 torr^l CIF 

3 SB^DJ ^0\\M ^ AjOfg A|^CH| Aj-^f-^ClK C1F 

^oj -g^. 75 seem os oFs^Sj 5 sccmHS o^cK 200^0°+ 700 "0 A^|o||AH o^-^ SJM5f*KE. 

5A^Oj#Sj ^£ ^JAl^O^t^ ^ A^O|gOhC|. 700 CH| AH 1 Aj^J- fpCletaCt. U«A|A^ A| ^ ^.Ai ^^-g- Q.1 
mg/arf a I ^0(01, Ml^^oj MOlX| 

a^oijli ^ S ^o||£ MiAj^oii gxflf e^f^ S.o|x| e^al^ B.^ Sl^o|a^x| zl 2\s\ tgU5E MO|x( st& lim ^ 
4 s °Jc:K 



th*\oi\ 10] 99.9% 35* SMP-o|§x|| 5HtH my|o|S.(«]S 210mm. ^^UlOmmiil £!&@4h)oll, QtZiMIS^ ^eim&oH s|sfl 

o| 7f tH ge||o|S€- ICPollAi oi?m, 0.1 torrsM CIF 

3 MB^tn ^Of|Ai ^ A^|# A|go)| A^S^C}. CIF 

3 2j 75 seem o | HI . o^S2| 5 sccm°S ^311. 2001CSJ- 71 St: a^|o)|a| g£ SS. Stat ei^*^, 5AJ 

o|#2| Mo\mU -feJ-M^ch 5£]e< <g aM#* m|oj|, 715t:cH|Ai # 78A|?1 ffxie^ch #Bl|o|HsM 

m-H-g a|S a^lf-& 0.1 mg/caf a|e}o|i, m*4#2( «*a|M- aaiSE fi.o|x| sfXt^K 



o)a} xi ^«t- am aoi, g- si-^oii sma, xjs s^<HiAi as ga^*i as a^ofi s*i a h , soo-c oi-y-°i 2» ^ejoii 



S?S-1 

a}? | Lj|ij^s sim* §y «m ais.fi- S^S. o|^.cHx|fe. 5<»|ah Ajajg & ol^sj ^rtsj f^sssji-t S^sKH 

xfllgj- a£fe *j|2SJ-cH| 9loiM. £M 3^ SH^liS, fl^, MiS-a thS, im-FMiS Afla^A;, ^Sl-F^S -M|a^^, S*-^ 

°l>4. Sh^g^: SJ aj^^^s o|^-cHx|fe 5-ot|A-i AjQjg xHSS o|^-cHx|fe ^gss sfe MJ-^^ -^xn. 

*B1S £fe fl|2t.K)l| SicHAH, Aj. 7 | ^sj- ^ d Ih§ A||af^^s o|^o{x|fe. 3Jg sfe m^-a 

s* s^^sj *&oi 20% o|aj., 100% ojshei si-g ^g°s 

^11*1- SEfe- *i|2*KH| <2lO\M, m&W -Sit SJ S^S. 0|^-CHx|fe. ^o^iA^ ajuj^ & g^. o|avo| a^) 0.9 A 0|AJoj 

«|1» at ^I21WI ?lo\M, i-H^gsj 0.2 m Ol-fej-, 10 /«. o|S^°J 2!S *te Ml&l^ 

alOjAi, L4|A|gS 3SJS* Si ^&a)S.# Ol^OjXIfe SO|[Af Ajeja £j. 0|^£J m^2\ g^£2.s£fg 

S^-Sfe SJ^wCparticle-type substance)o)| s|«HAj S^sjfe 3d® ^9 ££ «-H^-^ 

s^tho 

o|^o|x|fe schiah Altai a &$4f o|-y^ ^j^aj o|^cHx|fe aSSf ?u|s& 2i-& 7|aJ* ^1 ?I^H 

* m^-SS-S. 7^2J ^a^a(. gdl 50013 -1000X33. ^Xl^o^ aj- 7 | MjAJ^e ^A|?|fc SfSfe 3d€ f9°S 

in7-nfi-?p 



^-lOfvotl 2°J§g Y 2 0 3 -Al 2 0 3 s| o\&n HH» 5U Y 3 AI 5 0 12 SS o|^x|fe ^oi\M » o|^2| >4^g 

5si m<MAH xiisste usi- 100 ssm 1 ^. sish? ^ si tt»am* s^s-^n oi^ojxit 

» S* o|A>ej 100 ppmol^. 60 o|*ts S^sfe i^(«JE)»SS*|, *iaS*N 2^ 

&4 liiBmlmm ^3*11* &n ±&n& *at^a|- soo-c-ioooics s^iaa^ u?\ 

STP-&14 

SSSi ol gofl SIS* St' Si£ o|^cHx|fe ? o||ah tjejg tt 9 * o|^s| «^7h &#£|oi site S« 

1000-CS ^| S o S «, M|4IS# «4JA|?|te EV7«* ai^fc 3d* ^SS£ *fe ^xfl°J xflas »«. 

7^2! m*\±°Wl i*slte ?«o|Bi iftXHSLAi, e*|at. fe^l el iSScHI SA^cH Site MI^NS^ ?«l«>2 
*|15»o|| 2io<Ai. te«te 60 W/m-K o|#fi| SSEtS Site 3^ Afla^-s o|^oWte 
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